The study investigated the behavioral and brain effects of childhood trauma and human immunodeficiency virus (HIV) infection, both separately and in combination, and assessed potential interactions in women who were dually affected. Eighty-three HIV-positive and 47 matched HIV-negative South African women underwent neuromedical, neuropsychiatric, and neurocognitive assessments. Univariate tests of significance assessed if either HIV infection or childhood trauma, or the combination, had a significant effect on neurocognitive performance. The majority of women were Black (96%) and had an average age of 30 years. An analysis of covariance revealed significant HIV effects for the Hopkins Verbal Learning Test (HVLT) learning and delay trials (p B 0.01) and the Halstead Category Test (HCT) (p B 0.05). A significant trauma effect was seen on the HVLT delay trial (p B 0.05). The results provide evidence for neurocognitive dysfunction in memory and executive functions in HIV-infected women and memory disturbances in trauma exposed women.
Introduction
In South Africa, 5.63 million individuals were infected with human immunodeficiency virus (HIV) in 2009. Of these, 3.3 million were females (UNAIDS, 2010) . Women's vulnerability to HIV/acquired immune deficiency syndrome (AIDS) is largely attributable to biological factors and to socio-economic inequalities. High rates of gender-based violence (GBV) such as intimate partner violence (IPV), rape, and childhood abuse have been reported (Andersson, Cockcroft, & Shea, 2008; Jewkes, Penn-Kekana, Levin, Ratsaka, & Schrieber, 2001; Kalichman & Simbayi, 2004) . Studies suggest high rates of childhood emotional (51.9%), physical (51.1%), and sexual (41.6%) abuse in HIV-positive individuals (Walton et al., 2011) . Few studies have assessed the influence of GBV on neurocognition in South Africa. Among existing studies of GBV in South African women, high rates of GBV and revictimisation have been reported (Dunkle et al., 2004; Jewkes, Dunkle, Nduna, Jama, & Puren, 2010; Jewkes, Levin, Mbananga, & Bradshaw, 2002) .
HIV is capable of penetrating the bloodÁbrain barrier early in the course of infection and can be highly neurovirulent (Woods, Moore, Weber, & Grant, 2009) . Risk for a significant brain involvement is the highest with more advanced disease staging (Centers for Disease Control and Prevention, 1993; Heaton et al., 1995) . In diagnosing HIV effects on the central nervous system (CNS), neuropsychological (NP) assessments remain the most important tools, especially in resource-limited settings where modern neuroimaging technology is often unavailable (Robertson, Liner, & Heaton, 2009) . HIV is frequently associated with deficits in higher order brain function. Disturbances with memory, psychomotor speed, executive functions, and problems with attention are frequent (Grant, 2008) . Neurocognitive disorders in HIV are related to disease staging and range from less severe to its worst form, HIV-associated dementia (HAD) (Grant, 2008) . Collectively, these disorders are referred to as HIV-associated neurocognitive disorders (HAND). They consist of asymptomatic neurocognitive impairment (ANI), mild neurocognitive disorder (MND), and HAD (Antinori et al., 2007) . HAND occur globally and across the various genetic clades of the virus (Joska, Fincham, Stein, Paul, & Seedat, 2010) . Findings from the CHARTER study suggest that milder forms of cognitive impairment remain predominant, even among those receiving combined ARV therapies. CHARTER data indicate that 33% of the cohort met criteria for ANI, 12% for MND, and only 2% for HAD (Heaton et al., 2010 (Heaton et al., , 2011 .
Few studies have examined neurocognitive deficits and HAND in South Africa. In one study, of 536 individuals screened with the HIV Dementia Scale (HDS), 23.5% met criteria for HDS defined HAND . In a separate study, of 170 individuals, 43 (25%) met criteria for HAD, while 72 (42%) had MND, and 15 (9%) met criteria for ANI using the ANN criteria . HAND, specifically HAD, is associated with increased morbidity and mortality in infected patients, especially in countries where access to antiretroviral (ARV) medications is poor (Sacktor, 2002) .
There is evidence for deficits in memory and executive functions among individuals with PTSD (Clark et al., 2003; Jelinek et al., 2006; Lagarde, Doyon, & Brunet, 2010) . Findings of studies examining neurocognitive outcomes of early life adversities are limited and inconsistent. Impairments in intellectual development, language, verbal learning, spatial working memory, and psychomotor speed have been reported in individuals exposed to childhood trauma (Choi, Jeong, Rohan, Polcari, & Teicher, 2009; Majer, Nater, Lin, Capuron, & Reeves, 2010; Palmer et al., 1997) . However, other studies have not reported any neurocognitive impairments (Jelicic, Geraerts, & Merckelbach, 2008; Saigh, Yasik, Oberfield, Halamandaris, & Bremner, 2006; Yasik, Saigh, Oberfield, & Halamandaris, 2007) . An increased risk of HIV-related morbidity and mortality and poorer cognitive functioning in individuals who have a history of childhood trauma, acute stress, and PTSD has been documented (Leserman et al., 2005 (Leserman et al., , 2007 . To our knowledge, there are currently no published studies investigating the additive effects of HIV and childhood trauma on neurocognitive function. HIV-infected women who have a history of childhood trauma may be especially vulnerable to psychiatric and neurocognitive dysfunction secondary to the additive or interaction effects of HIV and childhood trauma. Therefore, the study hypothesized that a synergistic relationship between HIV and childhood trauma would be evident. This synergistic relationship with respect to impact on neurocognition has not been previously documented.
Methods

Participants
The study cohort consisted of 83 (64%) HIV-positive and 47 (36%) HIV-negative women. Forty-eight HIV-positive women were exposed to childhood trauma. Among controls, 20 had been exposed to childhood trauma. Eligibility criteria included: willingness and ability to provide written informed consent, ability to read and write in either English or Afrikaans at fifth-grade level, aged between 18 and 65 years, medically well enough to undergo NP testing and magnetic resonance imaging scanning. Exclusions included: a current or past history of schizophrenia, bipolar disorder or other psychotic disorders, current substance or alcohol abuse or dependence, significant previous head injury, demonstrated frank dementia on the HDS, current seizure disorders of any cause, history of CNS infections of neoplasms, hepatitis B positive status, and current use or abuse within the last month of any psychotropic medication.
Procedure
The study was approved by the ethics committee of the University of Stellenbosch, South Africa. All participants were recruited through community health care facilities in and around Cape Town. Participants underwent neuromedical, neurocognitive, and childhood trauma exposure assessments.
Measures
Demographic and clinical characteristics
Age, gender, marital status, ethnicity, years of education, and employment status were captured. A comprehensive history was obtained from, and a general physical examination conducted in, all patients. Virologic markers of disease progression (CD4 lymphocyte count and viral loads) were obtained from blood samples.
Psychiatric morbidity
Current and lifetime psychiatric disorders were evaluated using the MINI International Neuropsychiatric Interview Á Plus (MINI Á Plus) (Sheehan et al., 1998) .
Self-report behavioral instruments
Participants were assessed for depressive symptomatology using the Center for Epidemiologic Studies Depression Scale (CES-D) (Radloff, 1977) . Trauma symptomatology was assessed using the Davidson Trauma Scale (DTS) (Davidson et al., 1997) .
Childhood trauma
The Childhood Trauma Questionnaire Á Short Form (CTQ-SF), a 28-item self-report inventory that provides valid screening for histories of abuse and neglect was administered (Bernstein et al., 2003) . It assesses five types of maltreatment including, emotional, physical, and sexual abuse and emotional and physical neglect. These five subscales each consist of five items with scores ranging from 5 to 25. The overall AIDS Care 1127 trauma score ranges from 25 to 125 with higher scores indicating higher levels of childhood trauma (score of 25Á31 0no trauma, 41Á51 0low to moderate, 56Á68 0moderate to severe, and 73Á125 0severe to extreme).
Neurocognitive assessment
The battery included 17 individual test measures thought to be especially vulnerable to the effects of HIV. It was compiled by the HIV Neurobehavioral Research Center (HNRC) at the University of California, San Diego (Table 1) and administered by a trained research psychologist. Appropriate cultural modifications were made to the Hopkins Verbal Learning Test Á Revised (HVLT-R). The precious stone semantic category was replaced with vegetables.
Data analyses
Age and education corrected z-scores were calculated from all raw NP data and grouped into domains (motor, verbal fluency, working memory, speed, learning, recall, and executive functions). This was done by running a regression analysis on all raw NP data (N 0130) using test scores as the outcome and age and education as predictors. The residual was then saved and a studentized residual was calculated. Within each domain, the studentized residual for each test was summed to obtain a domain z-score. Univariate tests of significance (analysis of variance [ANOVA] and analysis of covariance [ANCOVA]) were applied to all domain and raw scores to determine if either HIV infection or childhood trauma, or the combination, had a significant effect on neurocognitive performance. In looking at the raw scores, age and education were added as covariates in the model. Separate ANOVAs were carried out for each ability domain and separate ANCOVAs were carried out on each individual test (raw scores). Given that several tests are grouped within each ability domain, it may be possible to miss effects. This was the rationale behind examining both domain and raw scores. Corrections for multiple testing (Fisher Least Difference Test [LSD]) were carried out. A multiple regression analysis was performed. Self-report instruments and demographic and clinical variables were entered into the analysis to determine whether or not they could explain variance in the significant dependent variables.
Results
Demographic characteristics of the sample
The control group was significantly younger and more educated. Age and education were significantly correlated with most NP tests and were therefore included as covariates in the analyses (see Tables 2  and 3) .
Clinical characteristics of the HIV-positive sample
The mean CD4 lymphocyte count was 405 cells/mm 3 (range 35Á1529 cells/mm 3 ). The mean HIV viral load was 105,169.5 copies/ml, ranging from below the detectable limit to 3,200,000 copies/ml. The lower limit for detection was 40 copies/ml. The predominant HIV clade was subtype C (76%). The majority of women were ARV therapy naı¨ve, with only 13 (15.5%) HIV-positive women on ARV treatment (see Table 2 ).
Childhood trauma
The type of childhood trauma most frequently endorsed was emotional neglect (M 011.7, SD 0 4.92). Mean scores for the remaining four sub-scales were as follows: emotional abuse (M 010.2, SD 0 5.73), physical neglect (M09.24, 
Multiple regression analysis
Significant neurocognitive variables in the univariate tests were included (WAIS-III Symbol Search, HVLT-R, HVLT-R [delay trial], and the HCT). Predictor variables included HIV status, age, education, CTQ total score, DTS total score, and the CES-D total score. The percentage of variance explained by the model for each neurocognitive variable is as follows: WAIS-III Symbol Search (29%), HVLT-R (14%), HVLT-R delay trial (17%), and HCT (22%) (see Table 5 ).
Discussion
Although the present study did not find evidence for a combined effect of HIV and trauma, it does provide evidence for the separate effects of both HIV and trauma on neurocognitive outcomes and the importance of these findings should be explored in future studies aimed at teasing out the discriminating effects of early adversity by trauma type and the effects of HIV by disease stage. Significant HIV effects in learning and delayed memory, and executive functions were evident. Similarly, a trauma effect was evident in memory recall. HIV-positive women scored lower on all trials of the HVLT-R compared with HIV-negative women. The HVLT-R tests one's ability to learn and immediately recall verbal information, as well as the ability to retain, reproduce, and recognise this information after a delay. The finding that HIV influences memory is in keeping with previous studies. Memory disturbances in particular tend to be most prominent (Grant, 2008) . HIV-related deficits in memory have been consistently reported in both the developed and the developing world (Grant et al., 1987; Heaton et al., 1995 Heaton et al., , 2011 Mason et al., 1998; Saykin et al., 1991; Tozzi et al., 2005) and the developing world (Cysique et al., 2007; Gupta et al., 2007; Kanmogne et al., 2010; Lawler et al., 2010; Robertson et al., 2007; Sacktor et al., 2006; Wong et al., 2004; Yepthomi et al., 2006) . However, participant characteristics, methodological AIDS Care 1131 aspects, and instrumentation have varied widely and women have been under-represented in these studies. The majority of all-female studies have been conducted in areas where clade B predominates. In South Africa, clade C predominates and whether neurocognitive profiles differ among the different strains of HIV is still largely under investigation. Moreover, there is a paucity of investigation among ARV naı¨ve samples. Of all the studies mentioned above, only two were all female case-control studies (Maki & Martin-Thormeyer, 2009; Mason et al., 1998) . Three studies consisted of all male samples (Grant et al., 1987; Heaton et al., 1995; Saykin et al., 1991) and others consisted of more males than females (Cysique et al., 2007; Heaton et al., 2011; Tozzi et al., 2005; Yepthomi et al., 2006) . HIV-positive women had significantly more errors on the HCT compared with HIV-negative women. The finding that HIV influences executive functions is in keeping with previous studies. HIV is highly neurovirulent and is frequently associated with deficits in higher order brain functions. Executive function disturbances are frequent among HIV patients (Grant, 2008) . HIV-related deficits in executive functioning have been consistently reported in both the developed world (Grant, 2008; Grant et al., 1987; Heaton et al., 2011; Richardson et al., 2002) and the developing world (Cysique et al., 2007; Kanmogne et al., 2010; Robertson et al., 2007; Sacktor et al., 2006; Yepthomi et al., 2006) but as previously mentioned, women have been under-represented in neurocognitive studies of HIV. Except for the present study, only two all-female studies to date have demonstrated impairments in abstraction using the Colour Trails Tests. However, these studies differed from the present study with regard to demographic and clinical characteristics. Women with a history of childhood trauma scored lower on the delay trial of the HVLT-R compared with women without a history of childhood trauma. The finding that trauma is associated with deficits in memory recall is in keeping with previous studies. Studies assessing stressful life events, acute stress, and/or PTSD have found evidence for memory deficits (Clark et al., 2003; Jelinek et al., 2006; Lagarde et al., 2010; Yasik et al., 2007) . Memory deficits in individuals with PTSD have also been shown to be associated with small hippocampal volumes (Bremner, 2006; Bremner et al., 1995; Heim & Nemeroff, 2009 ). However, findings have been inconsistent and some studies have not found memory deficits in PTSD patients (Horner & Hamner, 2002; Isaac, Cushway, & Jones, 2006; Twamley, Hami, & Stein, 2004) . One study examined brain morphometry in female victims of IPV with and without PTSD. Results revealed smaller mesial temporal lobe gray matter volumes in IPV subjects, regardless of PTSD status. The gray matter abnormalities were associated with executive functioning and auditory working memory tasks (Fennema-Notestine, Stein, Kennedy, Archibald, & Jernigan, 2002) . Although some studies assessing early life trauma did not find evidence for memory deficits (Jelicic et al., 2008) , others did (Choi et al., 2009; Majer et al., 2010) .
Our results also revealed a significant interaction effect between HIV status and trauma status on the WAIS-III Symbol Search Task. However, there was very little difference in the mean scores between HIV-positive and HIV-negative women. Women with a history of childhood trauma performed better than those without a history of childhood trauma. Although impairments in psychomotor speed have been reported in the childhood trauma literature (Palmer et al., 1997) , studies have also reported the contrary. The finding that HIV-negative controls with a history of childhood trauma scored the highest on the WAIS-III Symbol Search Task, compared to all other groups, is indeed unexpected and inconsistent; however, they are in keeping with a recent study (Majer et al., 2010) . One possible explanation for this unexpected finding is that psychomotor speed may not be a particularly sensitive or discriminating test of childhood trauma in healthy adults. The highest mean score on the CTQ was evident on the emotional neglect sub-scale (M 011.7, SD 04.92).
Taking the socio-economic status of the sample into account, everyday living conditions apparent in periurban/township areas might be mistaken for, or regarded as, emotional neglect. This might account for the high scores on the emotional neglect subscale. It is plausible that this trauma type may not have influenced neurocognitive outcomes or that the influence may have been too subtle. The type and severity of childhood abuse may, therefore, play an important role in influencing neurocognitive outcomes and needs careful evaluation in future research. In a similar vein, HIV disease stage is also known to play a role (Heaton et al., 1995) . The majority of the women in this sample were medically asymptomatic and ARV-naı¨ve (83.3%). Cross-sectional study designs preclude longer term assessment of neurocognitive outcomes. Future prospective studies should better delineate the nature, severity, and temporal relationship of childhood trauma to neurocognitive outcomes, as well as the mediators and moderators of these outcomes.
